Fecal pellet counting has been widely used before pellets degrade are incorporated into the to index or estimate the abundance of lago-estimator (Navaro et al. 1992) . In this method, morphs and ungulates (Arnold and Reynolds pellet sampling grids of permanent markers are 1943, Rogers et al. 1958, Taylor and Williams laid, the pellets around a set distance from each 1965, Bailey and Putnam 1981, Wood 1988) . marker are removed, and then new pellets are Pellet counting may prove to be a particularly counted after a specified amount of time. These useful tool to census endangered species because results are difficult to compare with transect or it requires less time than livetrapping and can livetrapping estimates because the pellet-countbe conducted with no interaction with the en-ing method works best over a longer period of dangered animals. Estimation of density from time than most closed-population livetrapping line transects is another relatively quick, non-density estimators. interactive method, but line transect surveys are
The best way to compare accuracy of several most accurate when the species is relatively methods is to know the actual number of aniabundant (Caughley 1977, Smith and Nydegger mals in an area (e.g., in an enclosure). When 1985) . While the benefits of pellet counting are this is not possible, another option is to have a widely acknowledged, the accuracy of using third estimator, such as the number of radiopellet counts in density estimation is under de-collared animals in the area, that can be combate (Neff 1968 , Fuller 1991 , White 1992 . Few pared to both methods (Hallett et al. 1991) . studies have directly compared pellet counting
The objective of this paper is to compare dento other population estimation methods (Fuller sity estimates of Lower Keys marsh rabbits from 1991).
livetrapping and pellet counting to estimates The strongest correlations between actual based on the number of radiocollared marsh density (or estimated density) and pellet-count-rabbits using the sampling area. The Lower Keys ing estimates are achieved when the distribution marsh rabbit is a federally endangered lagoof pellets, the number of pellets produced by morph (U.S. Fish and Wildl. Serv. 1990) 
STUDY AREA
This study was conducted on Boca Chica Key, located in the Lower Keys of Florida. The Lower Keys are the terminal portion of an archipelago of islands extending south and westward from the mainland of Florida. Although the Lower Keys are several degrees north of the Tropic of Cancer, the proximity of the Gulf Stream and maritime influences produce a subtropical clime (Chen and Gerber 1990) .Average temperatures varied < 9 C, but there was a distinct wet and dry season.
METHODS
Three methods of population estimation were conducted: pellet counting, direct enumeration from livetrapping, and presence of radiotelemetered animals in an area. To simplify the comparisons, only adult densities were used. A preliminary study determined that Lower Keys marsh rabbits reach adulthood at about 9 months and weigh about 1,000 g (Forys 1995). All density estimates were extrapolated to 1 ha.
Pellet Counting
We conducted density estimation using pellet counting and the methods outlined in Navaro et al. (1992) . The first step in estimating density via pellet counting was to choose a sampling unit (SU) that sampled a random distribution of pellets. We defined a random distribution as one where the expected distribution of the number of pellets per quadrat is Poisson with parameter X, where X is the mean number of pellets per sampling unit (Pielou 1975) . Choosing the correct SU size is paramount to achieving unbiased counting (Neff 1968) .
To identify an optimal SU, we conducted an initial pellet-sampling study using 2 of the more commonly used SU sizes in rabbit pellet counting studies (Navaro et al. 1992 ). The SU consisted of concentric 0.5-and 1.0-m-radiuscircles around each permanent marker. Inside these circles, pellets were removed, and new pellets were counted after a specified amount of time. To determine which SU size was optimal, the distribution pattern of pellets was fitted to a Poisson distribution model. The Poisson distribution furnishes values expected for a random dispersion pattern. When a Chi-square goodness-of-fit test is used to compare the 2 distributions, a significant result indicates that the sample is nonrandom. The optimal sampling unit will most likely produce a random distribution of pellets. There are a number of other tests for nonrandomness, but the most reliable one is generally the Chi-square goodness-of-fit test (Kershaw 1973) .
Once the preferred SU was selected, the following equation was used to estimate rabbit density:
where: 6 = density of rabbits (rabbitslha), 1. 1 = mean number of pellets/sampling unit, p = defecation rate (no. of pellets dropped/ rabbit/24-hr day) T = time between pellet removal and pellet counting, A = surface of each sampling unit (m2).
The density of rabbits ( 6 ) , mean number of pellets per SU iP), and defecation rate (p) were parameters of the rabbit population. To determine the number of pellets each rabbit produced in 1 day (p), 4 trapped adult rabbits (2 M, 2 F), were given a collection of natural vegetation and placed for 24 hours in a cage with a removable pan beneath the mesh floor. This procedure was repeated during the late dry season, mid-wet season, and the transition time between wet and dry seasons (Mar, Jul, and Nov) for 2.5 years.
Time between pellet removal and counting (T) and surface area of each SU (A) were fixed values determined by the methods described.
To determine a time period between pellet removal and counting ( T )that could be used for all of the surveys, during each survey 100 of the pellets from captured rabbits were placed on a transition-zone grid. The pellets were separated into 4 groups and placed on rocks, on mud, in grass, and in leaf litter under trees. The pellets were counted weekly to determine the rate of decomposition. The number of days chosen for the time period (T) was less than the number of days for the treatment and season of the fastest decomposing pellets.
During the first session, pellet counting was conducted at grids established at all of the accessible habitat patches on Boca Chica Key (14 patches). Patch size ranged from 1.05 to 5.18 ha. The grid was designed to fit in the smallest patch and consisted of a square of 7 x 7 stations at 15-m intervals (0.81 ha), marked with permanent flags. Once an optimal sample size was determined, pellet counting was repeated at 5 of the 14 sites on Boca Chica Key 3 times per year (Mar, Jul, and Nov) for 2.5 years (Mar 1991 -Jul 1993 . The 5 patches chosen were relatively uniform in size (x= 3.46 ha, SE = 0.60) and vegetation. Density estimates with the pellet counting and the equation above hereafter will be called the PELLET estimate.
To determine if the pellets produced on a grid were from juvenile or adult marsh rabbits, a linear regression was used to determine if body mass accurately determines pellet size. Body mass was obtained by trapping individual marsh rabbits at 5 habitat patches on Boca Chica. The trapping design and schedule are detailed below. Adult marsh rabbits were those that weighed >1,000 g, and smaller rabbits were classified as juveniles. Ten fecal pellets were collected in a pan underneath each trap and the width and length of each pellet were recorded. The average area (width x length) was used in the regression. Each rabbit was used only once in the analysis. Pellets counted on the grid were measured and only adult-sized pellets were included in the pellet-counting surveys.
Livetrapping
Trapping occurred concurrently with the pellet surveys (8 trapping sessions). Trapping grids were placed at each of the 5 sites used in the pellet counting, with unbaited collapsible National live traps (80 x 30 x 30 cm), placed in a 6 x 6 array, spaced about 25 m apart (grid size = 1.6 ha). Each trapping session consisted of 5 nights where the traps were open, 2 nights with the traps closed, and another 5 nights with traps open. Traps were checked twice daily, once in the morning and once in the evening, and were covered in burlap for shade. All rabbits caught were sexed, weighed, and tagged (Monel No. 3, Natl. Band and Tag, Newport, Ky.).
The populations were considered to be open over the time period trapped. The results of a previous study determined that adult rabbits did not leave their patches, but dispersing subadults moved between habitat patches (Forys 1995). The Jolly-Seber method for open populations was originally planned to estimate the population sizes, but the small patches and apparent low population densities prohibited use of this probabilistic model (Pollock et al. 1990 ). The Chi-square goodness-of-fit tests for comparing observed and expected values for number of animals captured with each possible capture history could not be performed because the expected values were never more than 5 individuals (Sokal and Rohlf 1981) . Because of these constraints, direct enumeration with minimum number alive (MNA) was used to estimate density (Otis et al. 1978) . Estimated capture probabilites (p,)were calculated using data from radiotelemetry in a method described below.
Radiotelemetry
Each rabbit weighing >1,000 grams was fitted with a radiocollar and a transmitter with an estimated 10-month operational life (Telonics, Inc., Mesa, Ariz.). Collared rabbits were located on separate days 3 times a week, once in the early morning (0700-0900 hr), once at mid-day (1100-1300 hr), and once in the evening (1600-1800 hr). Signals were followed until the animal could be seen or the exact location was found. All locations were made 2 2 4 hours apart to ensure independence of observations. Locations were plotted on 1:2400 aerial maps with 10-m2 grid overlays. During the first week of trapping at a site, an attempt was made to radiocollar all of the adult rabbits at the site. This procedure was accomplished by capturing rabbits in traps on the livetrapping grids and by placing additional traps in runways to trap rabbits that had not yet been collared. Captures from these additional traps were not used in the MNA. To determine capture rates at each grid, during the second week of trapping the proportion of animals captured with radiocollars was compared to the number of animals located (with radiotelemetry) in the vicinity of the grid during the second week of trapping. Some animals might have dispersed, died, or moved to another portion of the study sites between the first and second weeks of trapping. The capture probability was calculated (Hallett et al. 1991 ) as p, = m i j r i , , where ni is the number of animals known to be in the study area by radiotracking, and miis the number of these animals captured during the trapping period i . If probability of capturing ( p i ) rabbits was low, the length of the trapping session was extended to avoid a negatively biased MNA estimate. If uncollared rabbits were caught during this second week of trapping, the trapping session was extended to insure that all adult rabbits were radiocollared.
Correlations
At each of the 5 sites, radiolocations of each adult marsh rabbit were overlaid on the area that encompassed the pellet-sampling grid. The proportion of time the marsh rabbit spent on the grid was calculated weekly for the duration of the pellet-sampling period (T)and added to the proportion other marsh rabbits spent on the grid. For example, if rabbit "Ml" had 75% of its radiotelemetry locations fall in a pellet grid area and rabbit "Fl" had 25% of its locations fall in the grid, then the estimate for the number of rabbits on the grid during that month was 1.0rabbits (0.75 + 0.25).This estimate was called the RADIOPROP estimate. This procedure was repeated for the 8 sampling times and a Pearson correlation was performed on the PELLET and RADIOPROP estimates. For the purposes of this correlation, the 5 sites were pooled; it was assumed that the results of the correlation were independent of site and time.
The MNA estimates were compared to the number of radiocollared rabbits (RADIONUM) that were recorded spending time within the perimeter of the livetrapping grids. This correlation was also conducted on the 5 pooled sites over 8 trapping sessions.
RESULTS

Pellet Degradation Rate and Pellet Size
During the first survey, pellets began to disappear off the grid after 7 weeks, indicating that during the dry season any sampling period less than 7 weeks should suffice for density estimation based on pellet counts. To compensate for a reduced persistence time anticipated for the wet season, a sampling period of 1 month (T = 30 days) was chosen for pellet accumulation before making counts. During the following 7 surveys, this duration was found to be adequate for all seasons. In each session, pellets under trees in the litter took the longest time to decay, whereas those in mud decayed in the shortest time.
Fifty-three rabbits (19 F and 34 M) each produced 10 intact pellets and were included in the regression of body mass and pellet area. The relation was strong and significant for both males ( F = 95.8, P < 0.0001, rZ= 0.75) and females ( F = 198.6, P < 0.0001, r2 = 0.92). In both regression equations, pellet area of 0.4 cm"orresponded to the body mass of 1,000 g. This pellet area was used to distinguish between adult and juvenile pellets on the pellet grids.
Density Estimation
Average estimates of defecation rate (p) varied among seasons, ranging from an average of 103.8(SE 7.13)pellets/day in July 1993 to 171.0 (SE 7.43) pellets/day in March 1991 (Table 1) . Although these data are limited in temporal scope, marsh rabbits appear to produce fewer pellets in the warmer months and more in the cooler months. Similar results were found in pellet studies of other species of rabbit (Lord 1963) .
Using the 30-day sampling period, the defecation rate from the first survey (Mar 1991), and the 0.5-m-radius sample, 8 of the 13 sites on Boca Chica had a random distribution of pellets. With the same constants and the 1-m radius, only 2 sites had a random distribution of pellets. Therefore, pellet countsfrom the 0.5-m circle were used for estimating rabbit densities in this and all subsequent surveys. With the pellet counting technique, densities at the 5 sites during the 8 trapping sessions varied from a low of 0.4 rabbits/ha to a high of 7.6 rabbitslha. The average density was 2.3 (SD 1.8) rabbitslha. The number of rabbits livetrapped ranged from zero to 4 rabbitslha. The average density was 1.8 (SD 1.1) rabbitslha. Only 1 adult rabbit without a radiocollar was captured during the second week of trapping at the 5 grids. The estimated capture probability (p,) was 1.0 for 4 of the sites and 0.75 for the fifth site during 1of the surveys (1.0 during the other 4 surveys);no additional trapping was necessary. The correlation between PELLET and RADIOPROP estimates was highly significant (r2= 00.89, P < 0.0001; Fig. 1) .Correlation between MNA and RADIONUM density estimates was nearly perfect (r2= 0.99, P < 0.0001; Fig.   2 ). The PELLET estimates tended to be higher than RADIO and MNA estimates, most notably at high densities. In 3 cases the PELLET estimate was >zero when the RADIO and MNA estimates were zero.
The pellet-counting method took about 5 hours to obtain a density estimate ( 2hr/day for 2 days and time to lay grid). The livetrapping method took 25 hours for the 2 weeks of trapping ( 2hr/ day for 10 days and time to place and remove traps).
DISCUSSION
Both the pellet counting and livetrapping estimates were significantly correlated with the radiotelemetry estimates, indicating that either method could be used to estimate density. Wood (1988) found that densities of the European rabbit (Oryctolagus cuniculus)estimated from pellet counts were significantly correlated (rZ= 0.55, P < 0.0001, N = 91) with known rabbit density in 6 natural enclosures. Hallett et al. (1991) noted that density estimates from livetrapping with closed and open population models were highly correlated with known number of radiocollared animals. Density estimates with direct enumeration (MNA) were also significantly correlated but typically underestimated the population size. In this study the MNA estimate was nearly perfectly correlated with the RADIONUM estimate. Livetrapping density estimates are most accurate when capture probabilities are high, which occurred in this study. However, it should be noted that the MNA estimates are not independent over time. The PELLET estimate tended to estimate more rabbitslha than the RADIOPROP estimate, but one or both of these estimates could be biased. The RADIOPROP and MNA estimates did not record the presence of rabbits at some of the grids when the PEL-LET method recorded the presence of rabbits. Probably some subadult rabbits dispersed to the grid area during the 2 weeks after the trapping was completed and before the end of the pellet survey. Another possible source of error could be in the measurement of defecation rate. Rabbits may defecate more when they are not in cages. A third source of error may be in the ing if pellet production is largely affected by sampling unit used for the density estimates. At fluctuations in the weather not attributed to seahigher densities ( Table 2 ) the 0.5-m-radius SU sonal differences.
sample resulted in a nonrandom distribution of pellets, A smaller SU might be optimal for patches at high density. However, at low density, using a smaller SU might result in missing the presence of rabbits at a site.
MANAGEMENT IMPLICATIONS
Because of the errors associated with the size of the SU and the estimation of defecations rates, livetrapping may provide a more accurate estimate of marsh rabbit density than pellet counting. This method also provides information on the sex, reproductive status, and health of an animal. However, livetrapping requires more time (80%more) than pellet counting and can cause mortality. For long-term population monitoring of the marsh rabbit, pellet counting may be the most economic and efficient method. Pellet counting may be the best method with any lagomorph that is rare, difficult to capture, or that has high capture mortality.
The pellet counting technique described in this paper could be refined if more research was conducted on the rate of pellet production and the amount of variation attributed to individuals and seasons. Currently, future population monitoring will require trapping rabbits to measure the defecation rate to get an estimate of population size with pellet counting. An index of rabbit density can be calculated without the defecation rate, but this index may be mislead-
